been affected by selection (Nielsen 2005) , and these population genetic methods can be haplotype frequencies from sequence data using a hierarchical Bayesian model. The model 127 includes a first-level likelihood for the probability of the observed haplotype counts given 
where n ij is the total number of observed sequences at locus i for population j, 
where the product is across all individuals (l) as well as populations and loci, h is the number denoted by x ijkl = 0 and p ijk , respectively.
170
Alternatively, if NGS sequence data consist of indexed populations of pooled individuals 171 (Gompert et al. 2010) , rather than indexed individuals, information will only be associated with sequences at the population level. We propose a third likelihood model (NGS-population 173 model ) for this situation, in which the probability of the observed haplotype frequencies given 174 the population frequencies is described by a multivariate Pólya distribution (Gompert et al. 175 2010):
where Γ is the gamma function, ν j is the number of gene copies (i.e., twice the number of 177 diploid individuals) sampled from population j, and other parameters are as described above.
178
This likelihood model has been used previously by 
where B is the beta function and φ ST i denotes φ ST for locus i calculated based on p i and not correspond to a standard probability distribution with respect to p, but is equivalent to
194
assuming that the locus-specific φ ST are distributed Beta(α = α ST , β = β ST , a = −1, b = 1) with a mean and standard deviation given by:
and 
We provide an alternative conditional prior for the haplotype frequencies when genetic struc-
206
ture among groups and populations is of interest. Specifically we assume: 
280
We do not believe that either of these methods is necessarily superior, but rather that they of each locus-specific φ ST in the genome-level φ ST distribution, as previously described (see
314
Designating outlier loci ). We then calculated the mean proportion of loci classified as outliers 315 across the 10 replicates for each combination of parameters.
316
We conducted an additional series of simulations to assess the capacity of our analytical 317 model to detect selected loci among a larger set of neutral regions. We began with a set 318 of simulations of population structure, as above. with European Ancestry (either the CEPH population or the HapMap CEU population).
351
The phase of polymorphisms in these sequences has been estimated statistically using PHASE DNA sequences, but these data lack the sampling uncertainty associated with NGS data and 354 might represent fewer (but much longer) genetic regions than would will be typical for current
355
NGS studies. We used these data and the bamova software to identify loci with exceptional chromosomes, and focused on the autosomes and the X chromosome.
396
We conducted a separate analysis for each chromosome to test for evidence of selection 397 based on levels of molecular differentiation among these human populations using the bamova 398 software. This allowed us to contrast pattern of genetic variation among chromosomes and 399 identify outlier loci relative to levels of genetic differentiation for the chromosome on which 400 they are found. We used the known haplotypes likelihood model with population structure 401 and estimated posterior probabilities based 50,000 MCMC iterations following a 25,000 iter-402 ation burnin. We classified outlier loci for each data set using the criteria described for the 403 simulated data sets.
404

RESULTS
405
Results from simulated data sets When data were simulated in the absence of selection, 
417
Simulations that included selection typically resulted in an increased number of genetic 418 regions being classified as outliers. As expected, we found that the ability to correctly classify (Tables S1, S2, S3) .
433
The ability of the method to correctly identify genetic regions affected by selective sweeps 434 in the presence of group structure (i.e., when populations are organized into groups of pop- arises from the stochastic nature used to determine the specific haplotypes that were swept 447 to fixation. The false positive rate for these group analyses was very low (between 0 and 448 0.032), similar to the population structure analyses (Tables S2, S4 ). European ancestry populations.
454
We classified three genes as high φ ST outliers (using a = 0.5) based on the first five SNPs 455 data subset (Fig. 1) . One of these genes was HSD11B2. Approximately 32% of molecular 
511
We also identified novel candidate targets of balancing selection in worldwide human 
547
The simulation results indicate that the model only rarely identifies neutral loci incor-548 rectly as outliers (i.e., it has a low false positive rate). Using a = 0.5, the false positive rate 549 for high or low φ ST outliers was never greater than 0.04, and using a = 0.95 this rate was 
557
This is expected as the null, genome-level distribution we estimate is based on the observed 558 data rather than an assumed demographic history and most demographic histories should be 
565
Simulation results further indicate that the method has the ability to detect genetic regions under selection, and to a greater extent when selective sweeps affect multiple popu- at the proximal breakpoint of in(2L)t in a natural population of Drosophila melanogaster.
666
Genetics 153: 1297-1311. Mean proportion of loci over 10 replicates identified as outliers in the absence of selection for each of the three different likelihoods (known haplotypes model, NGS-individual model, and NGSpopulation model). Three times since divergence (τ ) and two levels of migration (m) were simulated. Outlier loci were identified as low or high outliers relative to the genome-wide distribution and based on two different quantiles (a = 0.5 or 0.95) of their posterior distribution.
